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I N  PADDY WATER OF COPMERCIAL RICE  FIELDS 

I. Introduction 

Methyl parathion (o,o-dimethyl  o-4-nitrophenyl phosphorothioate) is an 
organophosphate  insecticide and acaricide used to control tadpole shrimp 
( T r i o p s  l o n g i c a u d a t u s )  in California  rice fields. In 1988, more  than 
32,900 pounds  were applied in the rice-growing region of Colusa county. 

Methyl parathion has been detected in Colusa Basin Drain water samples 
at levels that impact aquatic organisms. Concentrations  found  during 
May of  1990 ranged from 0.12 to 0.66 pg/L (Central Valley Regional Water 
Qual i ty Control Board, 1989; Department of Fish and Game, 1990). 
Pursuant to  the amendment of  the Water Qual i ty Control Plan for  the 
Sacramento River, Sacramento-San Joaquin Delta and San Joaquin basins 
(Central Valley Regional Water Quality Control Board Resolution No. 90- 
028), water  management practices that  reduce methyl parathion 
concentrations in surface  water must be implemented. For 1991, such 
practices must meet a 0.26 pg/L  performance goal (daily maximum) in all 
waters  designated as freshwater habitat. Approved water  management 
practices  following methyl parathion applications to  rice prohibit the 
discharge  of irrigation water from rice fields until the 25th day fol- 
1 owing appl i cat ion  (Cal i forni a State Water Resources Control Board, 
1991). Additional field dissipation data is needed to assess the ade- 
quacy of  this mitigation measure. 

In soil and aquatic systems, methyl parathion may  be degraded by metabo- 
lic  conversion to methyl paraoxon, hydrolysis to p-nitrophenol and 
dimethyl-0-thiophosphoric acid or nitro-group reduction to methyl amino- 
parathion  (Eichelberger & Lichtenberg, 1971; Sharmila et al.,  1988). 



Under f looded  soi l   condi t ions,  it has been shown t h a t   t h e   m a j o r   r o u t e   o f  

degradation i s  t h rough   the   l a t te r  mechanism because the  predominately 

anaerobic  condit ions  favor  reduction by surface  attached and sediment 

bacter ia l   populat ions (Badawy & El-Dib, 1984; Crossland & Bennet, 1984; 

Crossland e t  a1 . , 1986; Sharmil a e t  a1 . , 1988). Hydrolysis by b a c t e r i a l  
populat ions suspended i n  the  water column i s  a minor  degradation  path- 
way.  The dec l i ne   o f   me thy l   pa ra th ion   i n   aqua t i c   o r   f l ooded   so i l  systems 

has been shown t o  be f i r s t  order (Badawy & El-Dib, 1984; Sabharwal & 
Bel  sare, 1986; Seiber & McChesney, 1987). I Half-1  ives  reported i n   t h e  
l i t e r a t u r e   a r e   l i s t e d  below: 
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Flooded r i c e   f i e l d ,  pH 7, 27OC.  
Aquaria  (water,  sediment,  aquatic  vegetation), pH  7.4. 
Aquaria  (water,  sediment,  aquatic  vegetation), pH 7.7. 
Laboratory  incubat ion  study  using  f looded  al luvial   soi l ,  25OC. 
Carp rea r ing  pond (water, sediment, aquatic  vegetation). 
Outdoor pond 
Outdoor pond, pH 7.7-10.3,  10-17OC. 
Outdoor ponds, pH 9-10.8. 
Outdoor ponds, pH 8.7-11.3. 
Outdoor ponds, pH 8.8-11.1. 
Freshwater, pH  8.5. 
Brackish  water, pH 8.5. 
D i s t i l l e d  water, 25OC,  pH 7. 
D i s t i l l e d  water, 25OC, pH  9. 
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11. Objective 

The o b j e c t i v e   o f   t h i s   s t u d y  i s  to   quant i fy   concentrat ions  o f   methy l  
parath ion and methyl  paraoxon  found i n  paddy water  from  commercial r i c e  

f i e l d s  i n  Colusa  county  over  time, and ca l cu la te   t he   d i ss ipa t i on   ha l f -  

l i f e   i n  each f i e l d .  

111. Personnel 

This  study will be conducted by Environmental  Hazard Assessment  Program 
personnel  under  the  overal l   supervision  of  Randall  T. Segawa, Senior 

Environmental  Research Sc ien t is t .  

Pro jec t  Leader:  Wynetta  Kollman 

Senior   Staf f   Sc ient is t :   L isa Ross 
F i e l d  Operations:  Bonnie  Turner - Coordinator 

Pam Wofford - Lead 

Primary  Laboratory: CDFA Chemistry Lab Services, Meadowview 

Jane White - Chemist 

Qual i ty  Control   Laboratory:   Cal i fornia  Analyt ical  Lab, W. Sacramento 

Laboratory L i   a i  son/Qual i ty  Control : Nancy Mil 1 e r  
Agency/Publ i c  Contact:  Peter  Stoddard [ (916) 324-8916] 

I V .  Experimental  Design 

F i e l d   S i t e s  

Four  commercial r i c e   f i e l d s   i n  Colusa  county will be selected based  on 
s i m i l a r i t y   i n   c u l t u r a l  and water management p rac t ices  used and growers' 
p e r m i s s i o n   f o r   f i e l d  access. Select ion will be made from  the  populat ion 
o f   f i e l d s   w i t h  a 24-day holding  t ime  for  methyl  parathion.  Methyl 

pa ra th ion   app l i ca t i ons   t o   r i ce   a re   usua l l y  made  by a i r   a t  a recommended 
l a b e l   r a t e   o f  0.70 Kg a.i./hectare (1 p in t   fo rmula ted   p roduc t /acre) .   In  

t h i s  s tudy,   appl icat ion  e f f ic iency will be estimated i n  the  bottom paddy 

o f  each f i e l d  by measuring the  mass deposi ted  dur ing  appl icat ion on 

e igh t  randomly  located 0.09 m 2  polyethylene-backed  absorbent  paper 

sheets  pinned t o   p l a t f o r m s   p a r a l l e l   t o  and 1 ft. above the  water  sur- 
f ace. 
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Sampl i ng 
Two composite  water  samples will  be collected from the bottom paddy o f  

each field. A composite  sample will consist of 4 randomly  collected 
subsamples. Water  samples wi 1 1  be  coll ected at -1 (background), 0, 1, 
2,  4, 6 ,  8, 12, 16, 20 and 24 days after application. On each  sampling 
day, the following  measurements will  be made at random in the bottom 
paddy of each field: 

1. Water  depth (in centimeters) at 6 to 
2. Water  temperature at 4 locations. I 

3. Water pH  at 4 locations. 

Data  Analysis 
Regression  analyses using the SAS General L 

be conducted to relate methyl parathion and 
tions in paddy water with day after applica 

10 locations. 

inear Models  procedure will 
methyl paraoxon  concentra- 
tion. 

V. Sampl ing Methods 

Water  samples will  be collected from the bank of  the bottom paddy with 
an open  glass quart jar attached to an extension pole, composited in a 
one  liter amber glass bottle and acidified to pH 3 with  concentrated 
hydrochloric acid. Sample bottles will  be sealed with  Teflon - lined 
caps and placed immediately on wet  ice; samples will  be stored at 4OC 

until analyzed. 

8 

VI. Analytical Methods/Qual ity Control 

Method  Validation 
An analytical method has  been developed for the determination of methyl 
parathion in water in prior studies. Results of  the analyses will  be 
reported in ppb. Method validation for  the determination of methyl 
paraoxon in water and on polyethylene-backed absorbent paper sheets will 
be conducted by the primary laboratory. Three  replicate  analyses at 
three different spike levels will  be used to determine the accuracy 
(based on  the mean percent recovery) and precision (based on  the stan- 
dard  deviation) of each method. 
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Storaqe S t a b i l i t y  

The determinat ion  o f   methy l   parath ion  s torage  s tab i l i ty  will be con- 

ducted  under a d i f f e r e n t  study. Two rep1  icate  water samples will be 
spiked  wi th  5 ppm methy l   parath ion,   ac id i f ied  to  pH 3 and s t o r e d   a t  4OC. 

Samples will be analyzed a f t e r  0, 14,  28,  42 and 56 days. 

Cont inuinq  Qual i ty  Control  

The fol lowing  analyses  for   methyl   parathion and methyl  paraoxon will be 

conducted by the   p r imary   labora tory   fo r   con t inu ing   qua l i t y   con t ro l .  An 
ex t rac t ion   se t  will cons is t   o f  8-20 sample's: 

1. Solvent  blanks - one f o r  each ex t rac t i on   se t   t o   de tec t  any 

laboratory  contamination. 

2. Blank-matrix  spikes - one f o r  each e x t r a c t i o n   s e t   t o  check 

the  accuracy and p r e c i s i o n   o f   t h e   a n a l y t i c a l  method. 

3. S p l i t   m a t r i x  samples - For a q u a l i t a t i v e  and q u a n t i t a t i v e  
check of   the  pr imary method, randomly co l l ec ted  samples 
(10% o f   t h e  paddy water samples) will be s p l i t   i n t o  two 

a l iquots ,  one al iquot  analyzed by the  pr imary  laboratory  

and  one a l i q u o t   t o  be analyzed by the   qua l i t y   con t ro l  

l abo ra to ry .   Sp l i t   ma t r i x  samples will be co l l ec ted  on  days 
0, 2 and 12 af te r   app l i ca t ion .  

The approximate number o f  samples t o  be analyzed by the  pr imary 

l a b o r a t o r y   i s  180: 
Field sampl es 

Rice paddy water ([ll samples  x 2 reps] x 4 f i e l d s )  = 88 
Appl. e f f i c i e n c y  (8 samples  x  4 f i e l d s )  = 32 

Method Val idation 
Oxygen analog,  water ( 3  spikes x 3 reps) = 9  
Oxygen analog,  paper  sheets (3 spikes x 3 reps) = 9  

Storage Stability (Analyses done under a d i f fe ren t   s tudy)  = o  
Continuing Qual i ty Control 

Solvent  blanks (1 x 15 extr .   sets)  = 15 
Blank-matrix  spikes (1 x 15 extr .   sets)  = 15 
S p l i t   m a t r i x  samples = - 12 

TOTAL 180 
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VII. Timetable 

Mw June July 

A. Field sites  selection 
B. Sampling period 
C. Chemical analyses 
0. Data  analysis 
E. Final report 
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Study 107 
Methyl Parathion 
Field  Dissipation 

Revi sed Sampl i ng P1 an 

Take  water samples on  the following days  after application: 

2 3 4 5 7 9 11 15 19 23 
* * * * 

Total number o f  samples is 92: 
Rice paddy water ([lo samples  x  2 reps] x 4 fields) = 80 
Split matrix samples = - 12 

TOTAL 92 

a. A split  sample will  be taken on the starred days. 
b. Application efficiency will not be included in the study. 
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